Introduction
Managing the risks from significant threats and hazards to cyber and critical infrastructure requires an integrated approach across diverse engineering disciplines. Interdependencies in civil infrastructure systems and their ever-increasing dependency on cyber systems for their communication, control, and monitoring, demand interdisciplinary research that crosses traditional boundaries between academic disciplines. As long as we treat cyber and civil infrastructure systems in isolation, we will not be able to accurately and comprehensively identify vulnerabilities and design effective mitigation strategies to enhance the security of these systems. Groundbreaking technological innovations play a crucial role in our nation's ability to face these significant challenges and ensure the global competitiveness of our nation. While incremental advancements have led to gradual technological progress, the magnitude of some of these challenges demands radical solutions proposed by creative and risk-taking minds. Historically, engineering and other science fields have not rewarded creativity, and it has been found that innovative thinkers are three times more likely to drop out of engineering courses than conventional thinkers.
Published literature supports the idea that individuals with ADHD may have the potential to be more creative than their peers. [1] [2] [3] [4] [5] Their ability to be spontaneous and divergent thinkers allows them to take more risks. As they naturally tend to think outside of the box, individuals with ADHD have the potential to offer unexpected solutions to complex problems. 6 Recent research findings suggest that: "We can find among the leaders of "notable" fields such as politics, science, and business, extremely creative people, often having reached the apex of their careers because of an ability to think creatively… the ability to apply such creative thoughts to practical life developed during childhood. Indeed, there has been speculation that individuals in human history who have exhibited particularly extraordinary creativity, but were considered poor students in childhood-Edison, Twain, Churchill, Dali, Einstein-would be diagnosed with ADHD today." 7 Thus, attracting this group of students to participate in engineering programs may significantly benefit the nation by increasing the number of engineers and researchers that are capable of making revolutionary advancements.
Despite the significant contribution ADHD students can make, they often struggle in traditional educational environments. Mainly, how the traditional educational setting functions does not cater to how students with ADHD achieve success, nor do teachers have sufficient training and understanding of how ADHD affects learning and academic performance. 8 In current education systems, students with ADHD are less engaged during instruction, display more off-task and disruptive behavior, and are less academically motivated. There is a direct association between academic achievement and attention during instruction, indicating that students with ADHD can have more negative academic outcomes. 8 This idea is reflected throughout college. College students with ADHD maintain lower GPAs, "withdraw from a greater number of courses" and complete their degree programs in a longer period of time. 9 Based on a study by Anastopoulos et al., 9. 1% of students that display ADHD characteristics in young adulthood graduate from college while students that do not display ADHD characteristics have a 60.6% graduation rate. 9 Intellectual differences do not seem to play a role in the difference between ADHD and non-ADHD students, as published results have shown that the distribution of IQ level in individuals diagnosed with ADHD is similar to that of the normal population. It can then be argued that IQ is not a reason why individuals with ADHD are significantly underrepresented in engineering disciplines. A study examining a sample of college students with ADHD found that only 3% these students were in engineering programs, while 76% were enrolled in colleges of arts and sciences. 10 To embrace the significant minority of ADHD students in engineering programs, a specialized Research Experience for Undergraduates (REU) Site titled "REU Site: Research Experience in Cyber and Civil Infrastructure Security for Students with ADHD: Fostering Innovation" has been funded by the NSF Division of Engineering Education and Centers. The REU Site offers research opportunities in the security of critical infrastructures to undergraduates with ADHD. This program is designed based on unique strengths in divergent thinking and risk taking. This paper discusses the major observations of the REU program as well as the survey data collected from the eight participants before starting the program and after the program's completion during the summer of 2015.
It was observed that the eight participating students became significantly engaged in hands-on research lab activities with no issues related to lack of attention or interest. The majority of the participants made notable intellectual contributions to their research projects. The analysis of the survey data demonstrated that this research experience helped the students by improving their confidence in their academic and professional capabilities and increasing their interest in engineering and pursuing graduate studies. It was found that peer-to-peer interaction as well as interaction with the Principle Investigator (PI) of the project, who has firsthand experience with ADHD, helped them realize the advantages of ADHD and reinforced their self-confidence.
Background

Creative Potential of Students with ADHD
Intelligence is most often used to advance existing societal agendas, whereas creative thinking often opposes these agendas and proposes new ones. Interestingly, many "symptoms" of ADHD are actually synonymous with highly creative qualities in individuals. Baum and Owen noted that, "the definitions of creativity and ADHD are oddly similar." 11 Cramond also shared this thought and stated that one must, "look carefully at behaviors exhibited by children for what may be potentialities instead of deficiencies." 12 We suggest that the potentialities of students with ADHD are often ignored, particularly in engineering disciplines. Additionally, many educators focus on the label of disabled and do not approach students with ADHD using a strength-based model. Research suggests that using a strength based approach where highlighting the strengths and abilities instead of the challenges of a student may be more effective at keeping students engaged and active in their learning, and allows the students' gifts and talents to be displayed. 6, 11 The research regarding the brain structures and functioning of those with ADHD has been furthered by the suggestion that those with ADHD actually help advance societies and are not simply a genetic coincidence. Williams and Taylor suggest that the prevalence of ADHD and the fact that the seven-repeat allele of DRD4 (dopamine receptor type D4) is positively selected in evolution, indicates that individuals with ADHD aid the evolution of society. The authors also emphasize that those with ADHD often engage in risk-taking and cognitive idiosyncrasy, thus benefiting society. Specially, Williams and Taylor state that, "we have suggested two advantages of ADHD-HI to society: first, increased exploration of behavioral possibilities and second, the confining of concomitant social and physical risk to a minority." 13 
Learning Potential in a Non-Traditional Educational Setting
As previously discussed, the traditional educational setting can be detrimental to the academic success of ADHD students. Research carried out by Sungur et al. found that students in a nontraditional, problem-based learning environment, where they worked with real-life examples, had more advanced goal orientation, task value, use of learning strategies, critical thinking, selfregulation, effort, and peer learning, when compared to the control-group of students who were taught in a traditional, textbook-oriented setting. Academics have gradually shifted from a teacher-oriented approach to a student-oriented approach, encouraging more independent learning or self-regulated learning. How students become motivated and independent learners relies heavily on how the classroom and teaching is structured. 14 Self-regulated learning is a form on non-traditional education that allows the student to take control of the learning process. Learning is not completely dependent on how the student responds and reacts to instruction. It engages students in decision-making process and helps them develop self-regulation and selfmonitoring skills. 15 The NSF REU Site was structured to cater to the needs of its ADHD participants as well as incorporate a self-regulated learning environment not commonly found in traditional engineering education. This was done by engaging the students in research concerning real-life challenges related to cyber and civil infrastructure security. Working with mentors and peers allowed them to independently develop the knowledge and skills needed to study these problems and design and present innovative solutions.
Structure of the NSF REU Site
The program combined a ten-week traditional summer REU research experience with close mentorship, special seminars, brainstorming sessions, meetings, and workshops designed to address the needs and challenges of the ADHD participants. The specific objectives of this REU Site were to:  Provide an in-depth undergraduate research experience in a project related to cyber or physical infrastructure security while promoting the importance of an interdisciplinary view of security for interconnected, interdependent, and complex infrastructure.
 Promote advances and capacity by increasing the number of individuals with interdisciplinary expertise in cyber and physical security of critical infrastructure.
 Promote creativity as an essential component in security-related problem solving by encouraging approaches that are novel, transformative, and multidisciplinary.
 Capitalize on the strengths of an underserved group of students by encouraging students with ADHD to pursue research and advanced study in engineering disciplines.
 Increase the participation of a significantly underrepresented group of students who have the potential to profoundly impact the field, but are at high risk of academic failure.
 Understand the educational interests and demography of ADHD engineering students by analyzing the recruitment data, including number of applicants, academic majors, GPA, and research interests.
In addition to a focused research project throughout the program, the program incorporated afternoon laboratory rotations that both reflected the multidisciplinary characteristics of the critical infrastructure security problems and addressed the often-limited attention span of the ADHD student. The extended laboratory research experience allowed the students to form an indepth understanding of a critical infrastructure research challenge related to their academic majors. The students' daily schedule, then, consisted of spending mornings and early afternoons in their primary lab and afternoons in their laboratory rotation. Primary laboratory experiences were facilitated both by a graduate student and a faculty mentor. The rotations lasted for one week, which maintained student interest that can often be lost while spending extended periods of time on a single subject. They also gave students the opportunity for a meaningful introduction to the work in another engineering lab so that they could begin to make connections among the infrastructure components being investigated in the program. These eventual connections as well as the students' unique abilities to think outside-the-box and come up with creative, interdisciplinary ideas allowed them to contribute their thoughts and suggestions to one another's projects.
Their aptitude for creative thinking was also utilized during brainstorming meetings. Given a complex, atypical proposition or problem, students were given the opportunity to share their thoughts during stimulating discussions and develop innovative ideas. With great effort to have no interference in these discussions, the PI or a dedicated undergraduate assistant attended these sessions and took notes. The undergraduate assistant was also critical in providing support and maintaining order and timeliness among the students on a day-to-day basis, as well as facilitating various activities, workshops, and events that occurred during the program. The seminars and workshops that were offered throughout the program were presented by experts in their respective fields. The subjects of the seminars included twice-exceptional education and the creative product. Workshops were presented on responsible conduct of research and ethics, graduate school and preparing for the GRE exam, and technical writing. These activities were effective in expanding the students' knowledge of possibilities after undergraduate education and preparing them for the research they participated in throughout the summer.
Observations and Survey Data
Demography of Participants
To ensure that participants had enough experience in engineering fields to conduct research, as well as being ready to think about graduate school, the program was aimed towards college undergraduate juniors and seniors in engineering related majors. The demographic resulted in three female students and five male students. Among these eight participants, three were seniors, four were juniors, and one was a sophomore. All participants majored in engineering, but concentrations varied. Concentrations included four civil and environmental engineering students, two electrical engineering students, one mechanical engineering student, and one engineering physics student. Half of the students were from the home institution, the University of Connecticut. The other half were from institutions around the country, including Washington and Lee University, Virginia Commonwealth University, Virginia Polytechnic Institute and State University, and Binghamton University. It was understood that engineering students with ADHD might be struggling with grades in school. Therefore, GPA was not factored heavily into acceptance in the program. Their GPAs varied from 2.55 to 3.84, with a mean of 3.16.
Data Collection
Qualitative and quantitative data was collected throughout the program. Most qualitative data was collected during unstructured, casual discussions. Students were comfortable to discuss their opinions with the undergraduate assistant, who took notes throughout the discussions. Quantitative data was collected via formal pre-and post-program surveys. The survey was administered online a week prior to the program, as well has a month following the program. There were thirty survey questions in a six-point Likert scale or open-response format. The questions were related to academics, engineering, interest in graduate school, and how ADHD affected their daily life and college experience. The purpose of the survey was to improve the program as well as to see how the program affected the students. The students gave verbal consent that the general observations throughout the program may be disseminated through publications.
Performance in the Research Labs
The participants stayed fully engaged in their research projects and produced meaningful research results. Despite the steep learning curve that came with the challenging subjects for an undergraduate level, the students achieved valuable knowledge about their respective research topics. They gained understanding of the concepts for designing and performing experiments, compiling and organizing data, and presenting their findings in presentations and technical papers. By mid-program, most students delivered high quality presentations regarding their progress. At the end of the program, the research projects were presented in a poster session. The session was positively received by staff members from the office of the Dean of the School of Engineering, the faculty, and the students, as they were impressed with the quality of work and research delivered during an approximate eight-week period. Some students expressed their desire to continue their research projects following the end of the program and proceeded to do so. Additionally, each student had the opportunity to submit their findings to a conference of their choosing.
Experiences of the Participants in Daily Life and Engineering Programs
Through periodic roundtable discussions, the participants comfortably shared their ADHD related experiences in school and everyday life. Often times they were able to relate to one another and give thoughtful advice and suggestions. As an example, one major topic discussed was sleeping habits. The majority of the participants experienced difficulty trying to fall asleep and wake up in the morning. For some it could take hours to sleep, especially if their mind was stuck on unfinished work. Another topic the students frequently related to was the effects of stress in their daily lives. Many felt that even the simplest tasks brought them anxiety and they feared they would not be able to complete them. These fears often lead them to putting off doing the work, which lead to negative ramifications at times. There was a common difficulty with staying engaged in courses that were not interesting for them to the participants. They struggled in their general education classes because the subjects were not something they were passionate about. However, it was expressed that they still found it hard to stay focused in classes that they did find interesting. Participants found classes more engaging when learning with hands-on activities and projects instead of traditional, lecture-based learning. The students found difficulty in learning subjects without understanding how they apply to the "real world" and the grand scheme of their major's nature. It was agreed among the students that it was helpful to look at the big picture of whatever they were learning and then break it down into its individual parts. For example, instead of learning formulations, it will be ideal to visualize the subject as a whole, and then learn reasoning for the need of formulations. These discussion sessions were deemed very beneficial for the students as it was reflected as such in the survey data.
Survey Data
The analyses of the responses to a set of eleven questions from the pre-and post-program surveys are presented in this paper. The Likert scale questions were converted to ordinal data and the mean and standard deviation of each survey question pre-and post-program was calculated. Selected questions of interest are depicted in Fig. 1 . The results indicated that students were less likely to drop out of their engineering program, were more interested in attending graduate school, were more confident in themselves and their ability to perform in school, and had an overall positive experience attending the program. Wilcoxon Signed Ranks Test was used to compare the survey responses before and after the program (Table 1) .
Initially, less than half of the participants either somewhat or strongly disagreed that they would drop out of their engineering program (Pair 1). After participating in the REU Site, all eight participants somewhat disagreed, disagreed, or strongly disagreed. When asked the likeliness that the students would pursue graduate studies (Pair 2), only one student had a more negative response Post-Survey. Three students had a more positive response when asked about their confidence in finding a job post-graduation (Pair 3).
Regarding Pairs 5, 6, 8, and 11, half of the students answered more positively post-survey.
There was a higher agreement that interacting with the students who have ADHD as well as the PI who has ADHD would improve their self-confidence. The participants found themselves in higher agreement that they were capable of making technological advances and that the program reinforced their strengths. Five more students even found themselves in higher agreement that they had the potential to become inventors (Pair 10). There was an increase in the mean response for Pairs 4 and 7. The participants agreed more on average that supportive friends are important in their academic success (Pair 4) and that they viewed their ADHD as an advantage (Pair 7).
The final question was a Yes or No question regarding whether the participants felt comfortable discussing their ADHD with their peers. Before attending the program, only half of the participants felt comfortable openly discussing their ADHD with their peers. After the program, 6 felt they were able to openly discuss it with their peers. 
Discussing Survey Statistics
The survey data reflects the goals achieved by the REU program. For the most part, the survey questions reflected an improvement in the self-confidence of the participants as well as their interest in attending graduate school post-graduation. Survey questions that did not follow this trend generally had the responses that had been hoped for in the pre-survey.
A main goal of the REU experience was in increase the participants' self-confidence. This is reflected in Pairs 1, 3, 5, 6, and 7. Participants were less likely to consider dropping out of their engineering program after the REU experience. The participants are more confident in finding a job in engineering after graduation when comparing the pre-and post-survey's means as well as the post-survey's smaller variance about the mean. This can be said for Pairs 5 and 6 as well. It is interpolated that participants agreed more post-survey that interacting with peers with ADHD as well as the PI increased their self-confidence. Even though the mean was already generally high pre-survey, there was a higher mean and smaller variance of the survey post-program survey.
One of the main goals of this REU program was to increase the interest of students in graduate studies (Pair 2). The likeliness of students to participate in graduate studies was generally high before the program. Before the program, only two participants were either somewhat unlikely or unlikely to pursue graduate studies in the field of engineering. Following the program, all students were either somewhat likely, likely, or extremely likely to pursue graduate studies in the engineering field. One student had a reduced interest after the program.
An objective of this program was to help the participants come to terms with their ADHD and not see it as a negative attribute. After the program, there was an increased agreement that the participants viewed their ADHD as an advantage after the program (Pair 7). Additionally, more participants felt comfortable discussing their ADHD among their peers. Pair 12 indicated that the program succeed in helping the participants discuss ADHD openly with peers. Five of the participants who gave answer "no" to this question before the program, responded "yes" in the post-program survey. Two participants that felt they could not discuss their ADHD with peers, their reasoning was either because they did not want to get harassed by others for their medicine or that they felt it was a personal medical issue they only felt comfortable discussing with those they are close to.
